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Introduction: 
Epicuticular waxes of plants are important in protecting plants from a variety of several 
environmental factors, such as reducing evaporation of water from the surface, which prevents 
dehydration1, and controlling important physiological and ecological properties2• The waxes may 
consist of long chain alkanes, free carboxylic fatty acids, aldehydes, alcohols, and esters3, but the 
composition varies between species, organ, age, and the environmental factors that are present in 
the location of the plants2. The diversity of the chemical compositions, microcrystalline 
structures, and relative amounts of waxes arc mostly associated with plant protection against 
certain environmental stresses that may be caused by insects or even drought. The constituents 
of the waxes arc usually long chained, most often ranging from 16 to 34 carbons in length3• 
Analysis of the free acids in cuticular waxes is important because the reactions that generate 
them define a central control point in the overall metabolism of the cuticular waxes3• The 
cpicuticular waxes also play a role in the industry sector, being used in candles, cosmetics, 
polishing agents, and medicinals3. 
In this research, the waxes of California Canyon Live Oak leaves (Quercus chrysolepis) 
were analyzed. Canyon Live Oak trees often grow in sheltered canyons but when they grow on 
exposed mountain tops, it grows more like a shrub. These evergreen trees may live up to 300 
years and never stop growing. In Southern California, the amount of precipitation that canyon 
live oak trees receive is very low, approximately 12 inches a ycar19• Samples were collected 
during different seasons and growth stages of the trees for comparison. The waxes of the leaves 
of these trees are of interest and one goal of this research is to characterize the compounds that 
make up the waxes of this native California species. The waxes were extracted using 
dichloromethane and it was expected that long chain fatty acids, long chained alcohols, n-
2 
alkanes, and other common epicuticular wax constituents would be found. Analyses were 
performed on two instruments: a Varian 3900 gas chromatograph with a flame ionization 
detector and a Varian 431 gas chromatograph equipped with a Varian 220 ion-trap mass 
spectrometer detector. Retention indices were used to get a snapshot profile of the chain lengths 
of the wax constituents. Some standards, such as undecanol or methyl iaurate, were also 
analyzed using GC/MS in hopes of comparing the spectra characteristics of particular functional 
groups to the spectra of unknown compounds within the waxes so that further identification of 
the compounds may be made. The methods for the extraction and the analysis of the epicuticular 
waxes were modified as needed during experimentation in order to obtain the best results for the 
analysis of the waxes so that proper methods may be used in future studies. 
Reliable analysis of plant waxes is important for determining the compositions of the 
waxes as well as possibly determining the biological functions of the constituents. To analyze the 
waxes, several different methods of extraction may be used, such as hydrodistillation, 
accelerated solvent extraction (ASE), solid phase microextraction (SPME), and liquid-liquid 
extraction. Hydrodistillation involves allowing the plants to be exposed to boiling water or steam 
which makes the essential oils evaporate. The recovery of the oils is made through distillation 
where the steam and oil vapors are condensed then collected separately. Further separation may 
need to be done by centrifugation. Hydrodistillation does have its disadvantages, such as low 
yield or the formation of by-products4• In a comparative study by Jana Richter and lngo 
Schellenberg that aimed at comparing different extraction methods of essential oils from 
aromatic plants, it was stated that hydrodistillation is the method of choice for determining the 
essential oil content of waxes but they found that only the steam-volatile ingredients of aromatic 
plants could be extracted. For one of the plants they used in the study, marjoram (Origanum 
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majorana L.), they found that other studies have often described that changes in the native 
compositions of the compounds in its essential oils take place during hydrodistillation. Another 
setback was that hydrodistillation was very time consuming, taking approximately 3 hours or 
more5• Accelerated solvent extraction (ASE), on the other hand, takes a shorter amount of time. 
It involves using a combination of high pressure and temperature that increases the efficiency of 
the extraction and it also uses a smaller amount of solvent6• Jana Richter, et al., also used this 
method as part of their study. Their ASE samples were freeze dried and extracted with n-hexane. 
The temperature of the extraction was set at 1 oo·c and the pressure was set at 14 :MPa. They 
found that ASE causes less decomposition to the components of the oils as compared to 
hydrodisllation by preventing certain transformations of some of the genuine compounds, such 
as (E)-sabinene to terpinenes5• Solid phase microextraction (SPME) is a separation technique 
that uses a thin, solid rod of fused silica coated with an absorbent polymer that is attached to a 
metal rod7• The analytes are separated based upon their attraction to the silica and the polymer. 
Jana Richter, et al. found that as with hydrodistillation, the non-volatile substances in the 
essential oils are not detected with SPME but the components such as (EJ-sabinene hydrate and 
sabinene hydrate acetate could be detected in similar amounts5• The greatest advantage of SPME 
that was found was that there is a high degi-ee of automation. In other words, not much work has 
to be done in order to get the results, just some sample preparation, which leads to routine safety 
and reproducibilicy5. Liquid-liquid extraction, or solvent extraction, involves a sample (often 
liquid) that contains the analyte of interest and is typically an aqueous solution that may contain 
other solutes. The analyte is extracted by dissolving it in a different solvent while the rest of the 
sample remains in the original solution8• Richter, et al., used n-hexane as their solvent and found 
that solvent extraction was also more sparing to the original components of the essential oils as 
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compared to hydrodistiliation but the portion of. non-essential oils in the extract was highe~. 
Each method of extraction of epicuticular waxes has it pros and cons, and the proper method 
may depend on the purpose ofthe experiment and the type of analysis that will be performed. 
Chemical derivatization is necessary in some experiments, depending on the type of 
analysis that is to be performed and what compounds are present. Wax composition is often 
analyzed with gas chromatography-mass spectrometry and appropriate derivatization steps are 
sometimes needed in order to transform some compounds into stable and inert derivatives that 
are also volatile at high temperatures9• For gas chromatography (GC), compounds that possess 
high molecular masses are not always volatile enough to be analyzed by GC and polar groups in 
the molecules of such high molecular weight compounds may decrease the volatility even more. 
By eliminating the possibility of strong intermolecular forces by derivatization, the volatility of 
these compounds may increase10• Replacement of the hydrogens that contribute to strong 
hydrogen bonding may be done by alkylation, acylation, or silylation. Acyl derivatives are often 
formed with acyl anhydride, acyl halide, and ac~vated acyl amide reagents. Silyl derivatives are 
most commonly trimethylsilyl derivatives10• 
A study done by Daniel R. Oros, et al., analyzed the compositions of the waxes of 
western North American conifers and used alkylation and silylation as their derivatization 
methods for different sample fractions. The alkanoic and phenolic portions of their extract 
samples were derivatized by methylating them and then separating the different fractions with 
thin layer chromatography on silica gel plates. An aliquot of the fourth fraction from their thin 
layer chromatography separation, which contained n-alkapols, terpentols, and polar inorganics 
was converted to trimethylsilyl derivatives by reacting it with bistrimethylsilylactamide (BSTFA, 
shown in figure below), a common silylating reagent, and 1% trimethylchlorosilane:anhydrous 
5 
pyridine (1 :1) for 30 min at 70°C under a nitrogen atmosphere11• This was done in order to make 
the compounds more volatile. During silylation, trimethylsilyl groups from the silylating reagent 
replace active hydrogen atoms of the compound that is to be derivatized. 
CH3 I 
CHs-Si-C~ 
I 
0 CHs 
I I 
CF3-C=N-Si-C~ 
I 
CH3 
Figure 1: BS1FA, a common silylating reagent. 
Aldehydes and fatty acids are particularly reactive on a GC column so derivatization of these 
different functional groups is common as well. Fatty acids can be esterified using CH2N2 as 
reported in a study by Hermann Schlenk and Joanna L. Gellerman12• 
If a sample is too volatile, significant losses of the analytes of interest may occur during 
extraction or removal of the solvent, so it may also be necessary to derivatize highly volatile 
components as well. For example, analysis of carboxylic acids in biological samples would need 
to be converted into less volatile derivatives. This is advantageous from the viewpoint of both 
GC and the proper isolation of the compounds and sample treated before analysis10• It is also 
possible that some sensitive compounds that are able to be easily volatized may undergo partial 
thermal decomposition while in the GC so it is necessary to create compounds that are stable 
with regards to thermal decomposition. Therefore, derivatization would be necessary in order to 
create a more stable product that would improve chromatographic performance and peak shape13• 
In GC, some samples often spend a considerable amount of time in the vapor phase during their 
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elution through the GC column and the transfer to the detector1\ so derivatization for GC 
analysis is necessary for increasing the volatility/decreasing the polarity of a compound, 
reducing thennal degradation of a sample, increasing detector response, and improving 
separation of a sample. 
Although derivatization does have promising outcomes, there are several disadvantages. 
The derivatizing agent(s) may be difficult to remove and it is possible that they may interfere 
with analysis. The conditions that are required for proper derivatization may also cause 
unintended chemical changes in certain compounds and the derivatization step may also increase 
the time ofanalysis15• A study done by Reinhold Nap, et al., aimed at analyzing cuticular waxes 
and how to quantitatively analyze long-chain aldehydes since more than fifty percent of the 
aldehydes present in a sample may be lost when total wax extracts are analyzed after silylation 
derivatization9• Using solid phase extraction, the wax extract samples were separated into two 
I 
fractions using 6 mL glass columns packed with 0.5 g of annealed silica gel 60. Fraction 1 
contained non-polar wax components and fraction 2 was composed of more polar constituents. 
Both of the fractions were separately analyzed with GC or gas chromatography-mass 
spectrometry (GC/MS) and then recombined and derivatized for further analysis. Two different 
reaction conditions were used to derivatize the components of the waxes that contained hydroxyl 
groups. The first condition used 15~ of pyridine and 15~-LL of BSTFA added to lOOj.LL of the 
sample solution. The second condition took a 1 OOilL aliquot of the sample solution and 
evaporated away the solvent. The dry residue was then dissolved in 1 0~ of pyridine and 1 0~ 
ofBSFTA Both conditions kept the mixtures at 1o·c for 30 minutes. They found that fraction 2 
needed further derlvatization before analysis by itself, but fraction 1 did not need any 
derivatization before GC analysis. By combining the 2 fractions and then derivatizing, the 
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detennination of the polar constituents could be achieved, but there were substantial losses of 
long-chained aldehydes. 9• 
Gas chromatography (GC) is a great technique for separating and analyzing volatile 
compounds. Gases, liquids, and solids can be analyzed with GC and are usually dissolved in 
some sort of volatile solvent, such as dichloromethane before analysis. In GC, a gaseous analyte 
is transported through the column by a gaseous mobile phase, called the carrier gas. A volatile 
liquid or gaseous sample is injected through a septum into a heated port which causes it to 
evaporate. The vapor is brought through the column by flowing helium and the separated 
analytes flow through the detector which produces a signal proportional to the amounts of each 
substance. Open tubular columns, or "capillary" columns, for GC are long and narrow and made 
of fused silica and coated with polyimide. Column inner diameters typically range from 0.10 to 
0.3 mm and the lengths range from 15 to 100m. Narrow open tubular columns provide higher 
resolution than wider columns but the operating pressure is greater and sample capacity is 
smaller. Some advantages are higher resolution, shorter analysis time, and greater sensitivity 
than packed columns16•17• Open tubular columns have liquid stationary phases that are bonded to 
the inner wall of the column. The liquid stationary phase can either be bonded to the column 
wall, known as a wall-coated column, or to solid particles that are attached to the inner wall, 
known as a support-coated column. The polarity of the liquid stationary phases is best suited for 
analytes of nearly the same polarity. For example, nonpolar .columns with bonded methyl and/or 
phenyl groups for stabilizing the stationary phase are best for nonpolar solutes16• Several 
different detectors can be used in GC, such as a flame ionization detector or a mass spectrometer. 
A basic diagram of a GC is below. 
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Figure 2: Basic set up for a gas chromatograph [16]. 
In gas chromatography, the retention index of a sample is a number that is obtained by 
interpolation that relates the adjusted retention time of a sample with the retention times of two 
straight chain hydrocarbon standards eluted before and after the peak of the sample16"17• The 
formula for determining the retention index is: 
l = JOO [n + (N _ n) (logt~ (unknown)-logtf(n))l 
"' . logt~(N)-logtt(n) 
where n is the number of carbons in the smaller alkane chain, N is the number of carbons in the 
larger alkane chain, t~(n) is the adjusted retention time of the smaller alkane, t~(N) is the 
adjusted retention time for the larger alkane, and t~(unlcnown) is the adjusted retention time of 
the unknown peak16• The retention index is representative of the number of carbon atoms of a 
hypothetical normal alkane that would have an adjusted retention time identical to that of the 
peak of interest when analyzed under identical conditions18• For a standard alkane with C12, 
/,r=l200, for an alkane with C14, Ir1400, and so on. For example, say there was a peak on the 
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GC spectra that came off between an alkane standard with 30 carbons (n=30) and an alkane 
standard with 32 carbons (N=32) and the /" was calculated to be 3090. This would mean that the 
unknown compound has a chain length of about 31 carbons (C31). This is advantageous for 
gathering infonnation about an unknown substance for which the chain length is not known or a 
standard cannot be obtained for comparison. 
Gas chromatography coupled with a flame ionization detector (GC/FID) is one of the 
more popular ways of detecting the analytes that flow through the column. The analytes that flow 
through the column elute off and are burned in a mixture of hydrogen gas and air16• The amount 
of ions that arc in the flame will increase when the analytes are burned which produces a current 
and the current is detected between two condenser plates16• A study by Reinhold Nap, et al. used 
GC/FID for analysis of plant cuticular waxes. To help identify their wax components, GC/MS 
was used as ~ell and had the same parameters set as with the GC/FW. 
Gas chromatography is also often coupled with a mass spectrometer as a detector 
(GC/MS). Mass spectrometry (MS) identifies and measures the masses of atOms or molecules or 
fragments of molecules16• In GC/MS, gaseous molecules or species are ionized and fraSI:Ilented. 
The ions and ion fragments are separated according to their mass-to-charge ratio (mlz) in a very 
unique pattern representing a particular molecule. The spectrum produced displays detector 
response as abundance vs. mlz. The analytes are converted to ions which can be done using 
several different techniques, such as electron ionization or chemical ionization. The most 
frequent technique used is electron ionization, which involves the analyte vapor being 
bombarded with electrons18• Some of the electrons ionize the analyte molecules when they come 
into contact with each other which results in a radical cation denoted ~ ·. This ion is the 
molecular ion and its mlz ratio corresponds to the molecular mass of the analyte18• Chemical 
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ionization involves a large amount of reagent gast usually CR., added to the sample gas that 
ionizes from electron impact which in tum ionizes the sample. This often results in gentler 
fragmentation 16• A basic representation of a GC/MS instrument is below: 
Separation 
of compounds 
Ions separated 
according to the mass 
2 - . . . ; 'I,' .I. ', ~ J • '.I • • Ions EJ EJ --- ANALYZER -- OETEe'rOR 
Mixture 
....... ~ !' ..... 
......... _ \.. . ...... 
. ,, / ~~ 
....... '\ /' ........... .. 
..... . •.. ,_,· ....... . 
..... ...-------. 
[' COMPUTER I 
Amplification of 
the electrical 
signal 
of compounds 1 Data 
PRINTER 
Figure 3: The basic set up for GC/MS. GC/MS instruments typically include all of the 
components represented in the figuret where the detector is the mass spectrometer. 
There are several types of mass spectrometers, one of them being an ion-trap mass spectrometer. 
. . 
For ion-trap mass spectrometry, the sample from the GC enters into a cavity periodically through 
a gate. The ions undergo electron ionization within the cavity and are electrically isolated from 
one another. The cavity has a certain radio frequency that wh,en increased, causes a certain m/z 
value is expelled through the exit holes into the electron multiplier tube to be ~d. Below is 
a diagram of the ion-trap16• 
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Figure 4: A schematic diagram of the ion-trap. 
In order to analyze the spectrum of an analyte sample, standards can be used for 
comparison. Hydrocarbon retention indices can be calculated from an injected hydrocarbon 
standard and a library search of known spectra can be done in order to confirm the findings. 
Epicuticular waxes contain many different compounds, some of which may not be located in a 
library search and it may not be possible to purchase many exactly matching standards. By 
injecting different compound standards that are in the same family of possible components of the 
waxes, such as long chain alcohols or long chain fatty acids, a general idea of how they fragment 
within the GC/MS can be obtained and this information can be used to help identify the unknown 
compounds. 
Experimental: 
Standards and Dilutions: 
A 1000 ppm C9-C36 Hydrocarbon standard (Restek ·Corporation Bellefonte, PA) was 
diluted to 100 ppm and to 10 ppm. All glassware was rinsed with methylene chloride and the 
samples were stored in amber bottles with PFTE/feflon lined caps. 
12 
Some possible standards were ordered (Sigma-Aldrich St. Louis, MO) for analyzing and 
comparing the wax extract spectra. These standards included 1-octadecanol, 1-tetradecanol, 
pentadecanoic acid, octadecanoic acid, methyl dodecanoate (methyl iaurate ), methyl decanoate, 
dodecanal, nonanal, 2-hexadecanone, and 2-undecanone. 
1 000 ppb samples of the methyl iaurate and methyl decanoate standards were prepared. 
Similar dilutions were done for the rest of the standards. 1 00 ppb solutions were made through 
dilution of the 1000 ppb samples but many of the 100 ppb solutions were not concentrated 
enough to show strong peaks in the GC/MS so 100 ppm solutions were prepared in a similar 
manner. For some of the standards, 400 ppm solutions were prepared because the 100 ppm 
standards still did not give strong peaks. The fatty acids did not give any peaks in the GC/MS. 
Sample Collection: 
Canyon live oak leaves were collected in the spring on 4/25/10 at approximately 2:00 pm 
in approximately 26.7"C weather. They were stored in dark under refrigerati9n until extraction. 
Fresh oak leaves were collected from a young oak tree and an old oak tree (Quercus chrysolepis) 
in the fall on 10/10/2010 at approximately 2:00pm in approximately 24"C weather. Young leaf 
samples and old leaf samples were collected and stored in separate plastic bags at room 
temperature.More canyon live oak leaf samples were collected in the winter on 1129/2011 at 1:30 
pm in approximately 20"C weather. 
Sample Preparation: 
The ratios of mass-to-surface area of the leaves from the first collection in May were 
determined by tracing the leaves on paper at:1d weighing the cutout and ~omparing that to the 
mass of a cutout of the same paper with a known surface area. By weighing the masses of the 
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actual leaf samples themselves, the average mass to surface area ratio for the leaves was 
determined to be 0.0170 glcm2• 
The epicuticular waxes of the first leaf sample collected in May were extracted. The 
leaves were split into two different samples of approximately the same size that were weighed 
separately. Each sample contained eight oak leaves. Each oak leaf sample was placed in a dry, 
clean 800 mL beaker and extracted in 15 mL of methylene chloride as before. A smaller beaker 
was used to compress and submerge the leaves. Parafilm was stretched over the top of the larger 
beaker to prevent evaporation of the ·methylene chloride. The samples were allowed to be 
extracted for 20 minutes each. The liquid from each sample was then pipetted into separate 
labeled amber jars with PFTE lids. After the extraction of the waxes, the samples were allowed 
to dry for a two days under the hood so the final masses could be recorded. The extraction 
samples were filtered under the hood using a glass syringe with a PFTE syringe filter attached. 
All glassware and the syringe were rinsed with methylene chloride before each filtration. The 
samples were filtered back into their original jars that were also rinsed with methylene chloride 
beforehand. 
The same was done for the second collection from the fall and the average mass to 
surface area ratio for the young tree leaves was 0.0191 glcm2 and for the old tree leaves it was 
0.0243 glcm2• The young leaf samples contained 12 leaves each and the old leaf samples 
contained 13 leaves each. The extracts were performed with 15 mL methylene chloride each and 
allowed to react for 20 minutes. 
For the third collection, the average mass to surface ratio was determined to be 0.0135 
g/cm2• The waxes were extracted in the same manner as before using two different samples that 
included eight leaves each in 15 mL of methylene chloride and they were allowed to be extracted 
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for 3 minutes each. A smaller amount of time was used here because of worries that 
intracuticular waxes may have been extracted in the previous samples. Because many large peaks 
were still seen for this sample, the difference in extraction times is not a concern. 
Conditions for GCIFlD and its Uses: 
A Varian 3900 gas chromatograph equipped with a flame ionization detector was used to 
separate the C9 to C36 hydrocarbon standard and He was the carrier gas flowing at 1 mUmin. 
The column type was a Factor Four Capillary Column VF-lms that has methyl groups as the 
stationary phase. The column oven temperature was initially set at 50°C and increased at a rate 
of 10°C/min up to 310°C. The split ratio was set at 1:20. A 10 ppm hydrocarbon standard was 
analyzed with the GC/FID. A GC/FID run was performed on all oak extract samples (May oak 
extract sample 1, old October oak sample 1, young October oak sample 1, and January oak 
sample 1 ). The volumes of the injections ranged from 0.6-1.4JJL. 
The GCIFID gives ~fferent peaks for different compounds that make up the wax 
extracts. Using the retention times of these peaks as well as the retention times of known 
hydrocarbon standards, the probable chain lengths can be determined by calculating the retention 
indices. 
Conditions for GC/MS 1111d its Uses: 
A Varian 431 gas chromatograph ~uipped with a Varian 220 mass spectrometer detector 
that was connected to a computer with MS Workstation software installed was used for analysis 
of standards and wax extracts. A GC/MS run was performed on the 10 ppm hydrocarbon 
standard with a C9-C36 hydrocarbon standard method where the column oven temperature was 
initially set at 50°C and held for two minutes and then it increased at a rate of 25°C/min up to 
280°C. The split ratio was set at 1:50 and the column type was a Factor Four CapiUary Colwnn 
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VF-5ms with 95% methyl groups and 5% phenyl groups as the stationary phase. Approximately 
1 ~ of the 10 ppm hydrocarbon standard was injected. The mass spectra for the peaks were 
viewed and a search in the NIST Mass Spectral Database of known spectrum was done for 
comparison and confumation of the chain lengths. A GC/MS run was done on May oak sample 
1. 
An autotune was done on the GC/MS. The hydrocarbon standard data was not as accurate 
as expected so the hydrocarbon standard method was edited for better results. The mass spectra 
now had a range of 30 to 400 mlz when it was previously 30 to 200 m/z and the GC reached a 
high temperature of31o·c rather than the previous 280"C. The split ratio was 1:20. A GC/MS 
run was then performed for each chemical standard (concentrations ranging from 100 ppm to 400 
ppm) and the injection volumes ranged from 0.6-1.4~. Data was not able to be collected for the 
long-chained fatty acid standards due to possible instability within the solutions. A GC/MS run 
was done on all four oak samples and the split ratio ranged from 1 :20 to splitless. 
The GC/MS data was used to determine the possible chain lengths by calculating the 
retention indices as well as using the mass spectra data to try and determine any characterizing 
fragments for certain functional groups from the chemical standards. This data will be used to 
help analyze peaks from the wax extracts to help determine the components that make up the 
waxes. 
General Troublulrooting: 
Often, the desired results are not acquired due to possible errors with the instrument. If 
noise is present in the gas chromatograph spectra, previous samples are still eluting off of the 
column, or if the column is contaminated, a bakeout and/or a column condition needs to be 
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performed. If the expected peaks are not present in the spectra, the split ratio needs to be 
decreased and/or the sample concentration needs to be increased. 
Results and DiJcussion: 
The standard deviation of the mass to surface area ratios of the leaf samples was 
0.004518 glcm2t which is a small difference. The ratio was greatest in the old October oak 
sample, which may mean that more waxes are present on this sample than any of the other 
samples. The smallest ratio was for the January extract, which may mean that less wax is present 
on the leaves in winter. The difference in masses of the leaves before and after extraction for the 
May, old Octobert young Octobert and January sample were 0.6146, 0.8896, 0.2926, and 0.6095 
g, respectively. These values in percent of total mass are 31.00, 46.50, 19.67, and 48.30 %t 
respectively. Although the January sample was extracted for a shorted amount of time, there was 
still a significant amount of wax extracted as compared to the other samples. 
Hydrocarbon Standard Data: 
GC/FID and GC/MS runs were performed on the 10 ppm HC standard. The conditions 
for the GC/FID had He as the carrier gas flowing at 1 mUmin. The column type was a Factor 
Four Capillary Column VF-1ms that has methyl groups as the stationary phase. The column oven 
temperature was initially set at 50°C and increased at a rate of 1 0°C/min up to 31 0°C. The split 
ratio was set at 1 :20. The HC standard had hydrocarbon chain lengths of C9-C36, where C9 was 
the only odd numbered chain length. Figure 5 below shows the GC/FID chromatogram of the 
HC standard separated on the GC/FID. The chain length peaks are labeled and the retention 
times for this chromatogram are listed in Table 1, along with the retention times from the 
GCIMS hydrocarbon standard data. 
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Figure Sa: GC/FID chromatogram of the 10 ppm C9~C36 hydrocarbon standard. 
Figure Sa shows that each of the expected peaks for this hydrocarbon standard were 
present and this data can be used for comparison to the retention times of unknown wax extract 
peaks. A GC/MS run was also performed on this hydrocarbon standard using a C9-C36 
hydrocarbon method where the column oven temperature was initially set at 50°C and held for 
two minutes and then it increased at a rate of25°C/min up to 310°C. The split ratio was set at 
1 :20 and the column type was a Factor Four Capillary Column VF-Sms with 95% methyl groups 
and 5% phenyl groups as the stationary phase. Table 1 below lists the retention times for this run. 
Figure Sb shows the mass spectrum for Cl6 from the GC/MS. 
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Figure 5b: Mass spectrum for Ct6H34 in the mass spectrum. 
Note that in the figure above, the mass to charge ratio range is only 30 to 200. This is 
because this spectrum was taken before the hydrocarbon standard method was edited. This 
spectrum was chosen just because the peaks are very clear. This spectrum shows the peaks where 
methyl groups (CHJ) were fragmented very clearly. The peaks are present at about every 15 m/z 
units, which is typical of an alkane chain. This pattern was seen as well for the other peaks. This 
is further discussed below and shown in Table 6. Table 1 below gives the retention times for the 
HC standard for both the GC/FID and GC/MS. 
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Table 1: Retention tinies and retention indices for C9-C36 hydrocarbon standard for 
GC/FID and GC/MS. 
Chain Retention Time (min) Retention Time (min) lx 
Length GC/ FID GC/ MS 
i C9 5.55 4.63 900 
C10 7.16 5.94 1000 
C1.2 I 10.09 8.76 J20_0 
C14 12.67 11.47 1400 
C16 14.97 13.95 1600 
C18 17.05 16.18 1800 
C20 18.93 18.21 2000 
C22 20.66 20.07 2200 
C24 I 22.24 21.77 2400 
C26 23.71 23.34 2600 
C28 25.07 24.82 2800 
C30 26.35 26.20 3000 
C32 27.54 27.71 3200 
C34 28.66 29.75 3400 
C36 29.81 32.64 3600 
Although the retention times are very close for each method of analysis, they cannot necessarily 
be compared since the stationary phases within each column are different. The retention times 
from the hydrocarbon standard analysis with GC/FID are used to calculate the retention indices 
of unknown peaks from the wax extracts when the GC/FID is used for analysis and if the GC/MS 
is used to analyze the wax extracts, the values above from GC/MS hydrocarbon standard analysis 
will be used. By comparing real sample peaks and using their retention indices, rather than 
retention times, the effect of slightly different columns or conditions are reduced. 
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GC/FID: 
A GCIFID separation was done on one extract sample from each of the leaf collections 
on the same column and temperature program as the hydrocarbon standard above. An example of 
an obtained gas chromatogram for the May oak sample is below in Figure 6 (see Appendix A for 
the other extract chromatograms). 
Tables_ 2-5 summarize the retention times, the retention indices (IJ, and percent peak area 
for the most prominent peaks for the canyon live oak samples collected in different seasons. 
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Figure 6: Gas chromatogram data for May oak sample 1. 
In the above chromatogram, there are many peaks present. The small peak areas were 
rejected and only the more prominent peaks were analyzed. This will be seen in Table 2. 
An example calculation of I~ for May oak sample 1 is below: 
l = 100 [n + (N _ n) (logt~ (unlmown)-logtHn>)l ~ logt~(N)-logt~(n) 
l = 100 [10 + (12 - 10) ( log(9.61)-log(7.16) )l 
~ . log(1D.09)-log (7.16) 
lx = 1171.9 
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This value means that the compound tliat eluted at 9.61 minutes would have a chain length of 
about 11 to 12 carbons. The table for the rest of the May oak extract data is below and includes 
the percent peak areas for the most prominent peaks as well as the retention times. 
Table 2: May Oak Sample 1 GC/FID data and analysis. 
1 Retention Time N n ! · Standard · Standard lx Percent 
Unknown (min) Retention Retention Peak Area 
Time N (min) Tline n (min) 
9.61 12 10 10.09 7.16 1171.9 4.76 
24.29 28 26 25.07 23.71 2685.9 3.64 
24.39 28 26 25.07 23.71 2700.6 3.56 
25.70 30 28 23.71 25.07 2710.8 23.47 
26.51 32 30 27.54 26.35 3028.3 10.01 
26.90 32 30 27.54 26.35 3094.5 4.44 
27.72 34 32 28.66 27.54 3233.8 22.72 
28.08 34 32 28.66 27.54 3298.9 8.11 
28.53 34 32 28.66 27.54 3378.1 9.30 
28.79 36 34 29.81 28.66 3423.7 7.31 
The oak leaves for this sample were collected on 4/25/2010 in the afternoon in 
approximately 26.7"C weather and extracted for 20 minutes. Many peaks were present for this 
wax extract. The GC/FID data shows that the epicuticular waxes from the leaves of this 
particular oak leaf sample contained compounds with chain lengths from 11 to 3 5 carbons. These 
numbers agree with what was expected since leaf waxes are often made up of long chained 
constituents. The three most prominent peaks varied in chain lengths with C27 being the most 
prominent, then C~2 and C30. Analysis with GC/MS is included later in the discussion. 
A GCIFID run was performed on old October oak sample 1 and the most prominent 
peaks were chosen. for analysis. The retention indices were calculated for each peak as well as 
the percent peak areas and this data is summarized in Table 3 below: 
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Table 3: October Old Oak Sample 1 GC/FID data and analysis. 
Retention Time N D Standard Standard. lx Percent 
Unknown (min) Retention Retention Peak Area 
TimeN {min} Time n .(min) 
21.26 24 ' j 22 22.24 20.66 2277.2 1.99 
24.38 28 26 25.07 23.71 2700.0 3.28 
25.74 J_n· , 38 26.35 20.07 2982.9 48.09 
26.93 32 30 27.54 26.35 3099.2 1.95 
27.72 J4 32 28.66 27.54 3233.8 4.34 
28.08 34 32 28.66 27.54 3297.8 1.29 
28.36 34 3:2 28.67 27.54 3346.7 1.49 
28.54 34 32 28.66 27.54 3380.0 14.25 
28.63 J 4 32 28.66 27.54 3395.1 2.52 
28.80 36 ! 34 29.81 28.66 3425.3 20.79 
The oak leaves for this sample were collected on 10/10/2010 in approximately 24"C 
weather and extracted for 20 minutes. Many peaks were present for this wax extract, but not 
nearly as many lower mass peaks as compared to the May collection wax extract. After rejecting 
the small peak areas, it has about as many large area peaks as the May sample. The GC/FID data 
shows that the epicuticular waxes from the leaves of this particular oak leaf sample contained 
compounds with chain lengths from 22 to 35 carbons. These numbers agree with what was 
expected. The most prominent peak was C30 with the next two largest being C35 ·and C34. 
Analysis from GC/MS is included later on in the discussion. 
A GC/FID run was performed on young October oak sample 1 and the most prominent 
peaks were chosen for analysis. The retention indices were calculated for each peak as well as 
the percent peak areas and this data is summarized in Table 4 below: 
23 
Table 4: October Young Oak Sample 1 GC/FID data and analysis. 
Retention Time N n Standard Standard lx Percent 
U~known (min) Retention Retention . PeakArea 
. Time N (min) Timen (min} 
25.72 3U 28 26.35 25.07 2903.6 72.11 
26.93 32 30 27.54 26.35 3100.2 3.67 
27.72 3·I 32 28.66 27.54 3233.2 3.03 
28.08 34 32 28.66 27.54 3299.4 2.45 
28.53 3-l 32 28.66 27.54 3378.2 1.52 
--
28.79 36 34 29.81 28.66 3423.4 7.91 
31.10 38 .16 33.49 29.81 3672.8 3.3 
The oak leaves for this sample were collected on 10/10/2010 in approximately 24"C 
weather and extracted for 20 minutes. The GC/FID data shows that the epicuticular waxes from 
the leaves of this particular oak leaf sample contained compounds with chain lengths from 29 to 
3 7 carbons. The last peak had a retention time larger than those for the hydrocarbon standard so 
the data for this peak was extrapolated. By far the most prominent peak is C29 with smaller 
peaks for chain lengths of C33 and C34. Analysis with GC/MS is included later in the 
discussion. 
A GC/FID run was performed on January oak sample 1 and the most prominent peaks 
were chosen for analysis. The retention indices were calculated for each peak as well as the 
percent peak areas and this data is summarized in Table S below. 
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Table 5: January Oak Sample 1 data and analysis. 
Retention Time N n Standard Standard Ix Percent 
Unknown (min) Retention Retention Peak Area 
Tiole N (min} Timen (min) 
5.59 1'()' 9' 7.16 5.55 902.9 3.13 
7.50 12 10 10.09 7.16 1027.5 2.9 
7.54 12 10 10.09 7.16 1030.2 4.41 
7.85 12 10 10.09 7.16 1053.9 2.99 
7.91 12 1.0 10.09 7.16 1058.5 3.12 
9.80 12 10 10.09 7.16 1183.2 3.27 
9.93 12 10 10.09 7.16 1190.8 4.94 
11.09 14 12 12.67 10.09 1283.2 4.23 
12.43 14 lcl: 12.67 10.09 1383.4 3.66 
14.15 16 14 14.97 12.67 1532.1 9.68 
14.19 16 14 14.97 12.67 1536.1 7.42 
15.30 18 16 17.05 14.97 1633.0 6.25 
15.79 18 16 17.05 14.97 1681.9 7.22 
16.08 18 I 16 17.05 14.97 1709.7 5.64 
16.29 1 8~· 16 17.05 14.97 1729.8 3.75 
22.19 24 22 22.24 20.66 2393.4 7.92 
25.74 30 12S: 26.35 20.07 2982.7 19.47 
The leaves for this sample were collected on 1/29/2011 in approximately 2o·c weather 
and extracted for three minutes. Many large peaks were present with this sample. The GC/FID 
data shows that the epicuticular waxes from the leaves of this particular oak leaf sample 
contained compounds with chain lengths from 9 to 30 carbons. These numbers agree with what 
was expected. C30 is the most prominent peak, with lesser large peak areas for C17 and C24. 
By comparing the unknown peak retention indices from each sample, it is fair to say that 
these waxes possibly have many of the same compounds. The May extract, old October extract, 
and young October extract all have compounds that eluted with retention indices of about 3233, 
3299, 3372, and 3423. The approximate retention times of these eluted compounds are 27.72, 
28.08, 28.53, and 28.79 minutes, respectively. The old and young October extracts both show a 
peak with a retention index of about 3100 (27.72 minutes). The January extract has only one 
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peak in common with the old Oak extract. This peak has a retention index of about 2983 and 
eluted at about 25.74 minutes. January's peaks give much smaller retention indices, indicating 
that its wax components have shorter chain lengths as compared to the other wax extracts. It is 
possible that the waxes of the winter season are different than for the summer and fall. To make 
the comparison of wax extracts more clear, a graph of percent peak area vs. retention index for 
each wax extract is shown in Figure 7 below. 
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Figure 7: Percent Peak Area vs. Retention Index for wax extracts. 
It is clear that the January oak extract does not have as many peaks in common with tl:te 
other extracts. In the retention index range between 3000 and 3500, it seems as if this is where 
the old and young October extracts and May extract really begin to have similar peaks with 
similar percent peak areas. Longer chain waxes will have higher melting points and may fonn a 
more rigid impenetrable boundary in hot summer and fall months in Southern California. The 
shorter chain hydrocarbons in January will have lower melting points and possibly make the 
leaves more flexible and penetrable to water in the winter months. January also had the smallest 
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mass to surface area ratio, which means that there may have been less wax present on the leaves 
compared to the other samples. This may also allow water to better penetrate the leaves in the 
winter months. 
GCIMS: 
A C9-C36 hydrocarbon standard method was used for analysis where the column oven 
temperatme was initially set at 50°C and held for two minutes and then it increased at a rate of 
25°C/min up to 31 0°C. The split ratio was set at 1 :20 and the column type was a Factor Four 
Capillary Column VF-5ms with 95% methyl groups and 5% phenyl groups as the stationary 
. phase. The OC/MS has so far been used to analyze the hydrocarbon standard, the chemical 
stan~s, the January oak wax extract, the young and old October wax extracts, and the May 
extract. 
Analysis ofGC/MS Data for Straight Chain Hydrocarbon Standards: 
Table 6 shows examples of the OC/MS data for the peaks corresponding to straight chain 
hydrocarbons C9, ClO, Cl2, and C14. The column labeled "ion trap, shows the most abundant 
peaks from the acquired chromatogram. The column labeled ''NIST" shows the most abundant 
peaks for each compound from the NIST library of known spectra. These spectra were compared 
to see if the results that were collected were accurate. Note that not all data for each peak is given 
in Table 6. This would show unnecessary repetition. The prominent peaks from the mass spectra 
are bold. A (m) next to a mass peak means that that peak was missing from the spectrum and a 
(vs) means that the peak was very small. 
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Table 6: Chromatographic and Mass Spectra Data for C9 to C36 Hydrocarbon Standard. 
Chain Length MW lx Jon Trap NIST Probable Fragment 
m/z mjz 
C9 128 900 128 (m) 128 (m) MW 
91.5 99 128-CH3Cfh 
84.8 8S -C~ 
70.8 71 -CH2 
69.8 70 -CH2 
I 56.8 57 -CH2 
54.9 56 
43 
41 
ClO 142 I 1000 142 (m) 142 (m) MW 
111.5 113 142-CH3CH2 
98.5 99 -CH2 
97.5 98 -CH2 
84.8 85 -CH2 
83.7 84 -CH2 
I 70.8 I 71 -CH2 
56.8 57 
I 43 
I 41 
C12 170 11200 170 (m) · 170 (vs) MW 
125.6 127 170-CHa(CHlh 
97.3 98 -Cli]C~ 
84.7 85 -CH2 
70.8 71 -CH2 
69.8 70 -CH2 
56.9 57 -Cfh 
43 
41 
C14 198 1400 198 (m) 198 (m) MW 
153.3 I 154 198-CH3(CH2)2 
97.7 98 -(CH2)4 
84.7 85 -CH2 
70.8 71 -CH2 
56.9 57 -CH2 
43 -CH2 
41 
~· 
The ion trap and NIST library spectra are very similar, which is promising for when the GC/MS 
data gathered for the wax extract samples is analyzed. The fragments lost for the alkane chains 
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often have a mass of 14, representing a CH2. This pattern was repetitive for all of the alkane 
chains from the hydrocarbon standard. 
Analysis ofGC/MS Data for Chemical Standards of Ketones and Aldehydes: 
The purchased chemical standards were analyzed with the GC(MS using the same 
hydrocarbon method as before. The concentrations of each standard were adjusted based upon 
whether or not a peak was visible in the 9CIMS. The acids that were purchased were not able to 
be analyzed due to the fact that they decomposed. The spectrum below in Figure 8 is the ion trap 
mass spectrum for the dodecyl aldehyde standard. 
81.0 
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Figure 8: The mass spectrum for the chemical standard dodecyl aldehyde. 
This spectrum shows very small peaks for the ~peak at 184 m/z as well as a peak at 140 
m/z. This difference is representative of the fragment CH3CHO, which is a characteristic fragment of 
the aldehyde standards for the mass spectrometer. The peaks and prominent fragments of the other 
standards are analyzed below in Tables 7a and 7b. Table 7a summarizes the chromatographic and 
29 
mass spectral data for the purchased chemical standards 2-undecanone. 2-hexadecanone, nonyl 
aldehyde, and dodecyl aldehyde. 
Table 7a: Chromatographic and mass spectra data for chemical standards of ketones and 
aldehydes. 
Standard MW Retention lx Ion Trap NIST Probable Fragment 
Time (min) m/~ m/ z 
2-Undecanone 170 10.01 1116.6 168.9 170 MW 
CHsCO(CH2)aCHa 170.8 
I! 154.9 ISS -CH, 
I  
113 112 MW-Cli3COCHa 
84.9 8S -CHCHz 
703 71 -CH2 
S7.9 S8 -CH 
2-Hexadecanone 240 15.94 1495.1 239.9 240 MW 
CH1 (CHz) nCOCH1 225.0 225 -CH3 
222 222 240-H20 
179.8 180 222-CH2CO 
95.9 96 -(CH2)4CO 
71 71 -CH3 
59 59 -C 
57.8 S8 71-CH 
Nonyl Aldehyde l4: 7.44 943.39 142 (m) 142(m) MW 
HCO(CHz)7CHs 113.8 114 MW-CO or --CH2CH2 
97.7 98 MW-CH,CHO 
9S 95 
82.8 8l -CH 
81 81 
70 70 82-C 
67 67 82-CH, 
I S6.9 S7 70-CH 
ss ss 70-CH, 
41 
Dodecyl Aldehyde 184 11.61 1295.0 184 184 MW 
HCO(CHz)toCH3 140 140 MW-C~CHO 
95 96 -C3Hs 
81.9 81 -CH2 
67 68 -CHz 
56.9 57 
55 55 -CH 
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For the ketone standards (2-undecanone and 2-hexadecanone) the fragmentation pattern 
for the mass spec data is not very consistent. What is seen, though, in both standards is the loss 
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of a CxHyO fragment, which could be used to characterize the unknown peaks from the wax 
extracts, once that data is collected. For 2-undecanone, the fragment mass of 58 (the molecular 
weight peak minus the peak at 112 m/z) may correspond to the fragment C~COCH3 and for 2-
hexadecanone, the fragment mass of 42 (222 m/z minus the peak at 180 m/z) may correspond to 
the fragment CH2CO. 2-hexadecanone also showed a loss of water. Even though the 
characteristic fragment of the ketones is not completely certain, the fragments i:nasses do match 
those of the NIST spectra, which is important to be aware of. 
For the aldehydes (nonyl aldehyde and dodecyl aldehyde), there are clear losses of a 
CH3CHO ( 44 mlz) fragment off of the molecular weight for each standard. This fragment 
corresponds to the loss of the first two carbons from each standard in which one of them is 
bonded to the oxygen as well as a hydrogen and the other is bonded to three hydrogens. This 
fragment is also a very simple aldehyde, acetaldehyde. 
Analysis ofGCIMS Data for Chemical Standards of Esters and Alcohols: 
Table 7b summarizes chromatographic and mass spec data for the purchased chemical 
standards methyl decanoate, methyl dodecanoate, 1-octadecanol, and 1-tetradecanol. 
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Table 7b: Chromatographic and mass spectra data for chemical standards of esters and alcohols. 
Standard MW Retention lx I on NIST Probable 
Time Trap mfz Fragment 
.(min) mj z 
Methyl Decanoate 186 10.46 1120.3 185.8 I 186 MW 
CH30CO(CH2)aCH3 154.7 155 -C!i]O 
143 143 -C 
129 129 -CH2 
101 101 -(C~)l 
87 87 -CH2 
73.9 74 -CH 
54.9 55 
Methyl 214 13.02 1303.7 215 214 MW 
Dodecanoate . 181.9 183 -CH30 
(Methyl Ia urate) 171 -C 
CH30CO(CHz)toCH3 143 -(CH2)2 
100.8 i 100 -(CH2)2CH3 
86.8 I 87 -CH 
73.8 74 -CH 
54.9 54.9 
l·Octadecanol 270 19.02 i 1876.9 270 (m) 270 (m) ' MW 
CH3(CHz)170H 251 252 MW-H:zO 
I 223.8 224 ·(CHz)l 
II 110.8 111 -(Clh)?CH3 
96.8 97 .cHz 
82.8 83 ·CH:z 
68.8 69 .cH:z 
56.8 51 -C 
55 55 69-Cih 
1-Tetradecanol 214 14.77 1489.7 214 (m) 214 (m) MW 
CH3(CHz)130H 195.9 196 MW-H20 
168 -(CH2)2 
138.8 140 -(CH2)2 
124.9 125 -CH3 
110.8 110 -CH3 
96.8 97 -CH 
82.8 83 -CH2 
68.8 69 -CH2 
55 55 -~H2 
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For the esters (methyl decanoate and methyl dodecanoate), there are clear losses of an 
OCH3 group (31 m/z) from the molecular weight peaks. This corresponds to the fact that both 
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standards were methyl esters. For analyzing the unknown peak mass spectra from the wax 
extracts, similar fragments should be looked for in order to define that such a peak in fact came 
from an ester. 
For the alcohols (1-octadecanol and 1-tetradecanol), the characteristic fragment is that of 
water. Both alcohol standards lost a m/z fragment of 18 off of the molecular weight, which 
corresponds to a water fragment. This characteristic is what would be looked for in the unknown 
mass spectra data for the wax extracts. 
For the acid standards that were purchased (pentadecanoic acid and octadecanoic acid), 
no peaks were seen in the gas <?hromatograms. This is most likely due to breaking down of the 
acids within the prepared solutions, which has been described by other researchers. What could 
be done to assess this problem is to derivatize the acids using alkylation or another derivatization 
process. 
The retention indices of all of the standards agree with the chain length. This gives 
confirmation that the retention indices of the unknown peaks in the wax extracts can in fact be 
reliable enough to determine the chain lengths of certain compounds. 
Analysis ofGC/MS data for oak extracts: 
A GC/MS run was performed on all oak extract samples. A C9-C36 hydrocarbon 
standard method was used for analysis where the column oven temperature was initially set at 
50°C and held for two minutes and then it increased at a rate of25°C/min up to 310°C. The split 
ratio was set at 1:20 for the January and old October oak samples and splitless for the young 
October oak and May oak samples. The column type was a Factor Four Capillary Column VF-
Sms with 5% methyl groups and 95% phenyl groups as the stationary phase. Figure 9 below 
shows the gas chromatogram obtained from the GC/MS for the May oak sample. 
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Figure 9: Gas chromatogram for the May oak extract. 
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The gas chromatogram shows several peaks for the May oak sample (see Appendix A for 
the other extract chromatograms). Only six of these peaks gave mass spec data that were able to 
be analyzed. The others were far too noisy. Comparison of this spectrum to the GC/FID 
spectrum for the May oak sample (Figure 6) showed that not nearly as many peaks are present 
for the GC/MS spectrum as for the GC/FID spectrum. 
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A GC/MS run was performed on the May oak extr~ct. Table 8 summarizes·the·GC/MS 
data for the May oak extract and the peaks possible identities as well as molecular masses, 
possible chain lengths, and if there are any distinctive fragments. 
Table 8: GC/MS data for May oak extract sample 1. 
Retention Time lx Chain Possible Distinctive Possible 
Unknown (min) Length Molecular Fragment Identity 
Mass 
11.87 1435 14-15 212 CH2•s CH3(Clh)t3CH3 
(alkane) 
12.40 1479 14~15 228 H20 CH3(CH2)t40H 
(alcohol) 
14.96 1694 i 16-17 256 H20 CH3(Clh)160H 
(alcohol) 
15.02 1700 17-18 256 H20 CH3(CH2)160H 
. (alcohol) 
20.79 2286 22-23 326 H20 CI!](CH2htOH 
(alcohol) 
As seen in Table 8, the May oak extract contains many compounds that could be 
alcohols. Comparison to the GC/FID data shows that no prominent peaks from the GC/FID run 
had retention indices similar to those seen in the GC/MS data. Comparison to the young October 
oak extract (Table 1 0) shows that both these extracts have common peaks, but as discussed a 
little later, not all the similar peaks gave similar mass spectra. The mass spectrum for the 
compound that eluted at 11.87 minutes was not identified by the NIST library, but many CH2 
fragments were present and it showed no other identifiable characteristics, so it is logical to say 
that this compound is a 14 to 15 carbon long alkane chain. The compounds that eluted at 12.40 
and 14.96 minutes both had fragments with a mass of 18 in their mass spectra, representative of 
H20. The NIST library matched the compound that eluted at 12.40 minutes to be 1-pentadecanol, 
which matches the observed data. This peaks retention index is also very close to the peak in the 
young October extract that eluted at 12.39 minutes and was also identified to be pentadecanol. 
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The compound that eluted at 14.96 minutes also gave a retention index similar to a peak in the 
yotmg October wax extract but the mass spectra were identified differently. The NIST library 
identified this peak to be 1-hexadecanol or 1- heptadecanol, which agrees with the mass 
spectrum that showed a fragment of 18., representative of H20. The young October oak sample 
mass spectrum identified this peak to be an aldehyde. The next peak that eluted at 15.02 minutes 
had a retention index similar to a retention index from the young October oak sample and the 
mass spectra identified this peak as an alcohol with a m/z fragment of 18.1. This peak was 
identified by the NIST library to be 1-heptadecanol or 9-heptadecanol, which agrees with the 
fmdings. It is possible that this peak and the peak that eluted at 14.96 minutes have the same 
formula just the hydroxyl group may be located on a different carbon of the chain, which may 
make the retention time differ by a few hundredths of a second. The peak that eluted at 20.79 
minutes had a retention index of 2287 and the NIST library identified it to be docosyl alcohol. 
The mass spectrum agrees with this since there was a fragment with a mass to charge ratio of 
18.6. This compound is most likely an alcohol with 22 to 23 carbons in the chain. Overall, the 
May oak sample contained substituents identified to be long chained alcohols and alkanes. 
A GC/MS run was performed on the old October oak sample. Table 9 summarizes the 
GC/MS data for the January oak extract and the peaks possible identities as well as molecular 
masses, possible chain lengths, and if there are any distinctive fragments. 
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Table 9: GCIMS data for old October oak sample 1. 
Retention Time Ix Chain Possible Distinctive Possible 
Unknown (min) Length Molecular Fragment Identity 
Mass 
14.59 1661 16-17 254 CH2COCH3 CI1JCO(Clh)t4Clh 
-
ketone 
14.90 1689 16-17 254 CH2COCH3 CH3CO(C~)14C~ 
ketone 
22.40 2481 24-25 368 H:zO CH3(CH:z):zOH 
alcohol 
23.92 2670 26-27 394 CH:zCOC~ CH3(CH:zh4COCH3 
I ketone 
25.32 2874 28-29 408 c~ fragments CH3(CH:z):z7C}h 
alkane chain 
Comparison of the GCIMS data with the GC/FID data for the old October sample shows 
that the large peak that eluted at 25.32 minutes in the GCIMS was also present in the GC/FID 
spectrum and made up approximately 50 percent of the total peak area. It is very likely that this 
is the same compound that eluted at 25.27 minutes in the January wax extract. A NIST library 
search for each of the above peaks gave possible matches for each of them. The peak at 25.32 
minutes was identified by the NIST library to be hexacosanol,. acetate, or 1-octacosanol. 
Unfortunately, fragments that co~d relate to these compounds were not identified in the mass 
spectrum. The peaks in the mass spectrum are separated by 14 to 15 mass units, which allows 
this compound to be identified as an alkane chain. The peak at 23.92 minutes was identified by 
the NIST library to be 1-heptaeosanol or hexacosanol acetate. Analysis of the peaks mass 
spectrum gave a m/z fragment of 56.5, which could be representative of a ketone fragment, 
which disagrees with the NIST library search. The peak at 22.40 minutes was identified by the 
NIST library to be 1-heneicosyl formate or 1-tetracosanol. It is very likely that this compound 
could be 1-tetracosanol due to its probable chain length of 24-25 carbons and the fact that its 
mass spectrum gave a fragment of 17.9 mlz, representational of water. This also agrees with the 
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known alcohol standards that were analyzed. The compounds that eluted at 14.90 and 14.59 
minutes were identified by the NIST library to be either 1-hexadecanol or 1-hepta.decanol. 
Unfortunately, both mass spectra disagree with tl:rls since no water fragments were o~served. The 
peak at 14.90 minutes had a mass spectrum that was quite noisy, but there was a fragment with a 
mlz of 56.9, which could ·be representative of the ketone fragment CH2COCH3. The peak at 
14.59 minutes also had a noisy mass spectrum, but there was a mass to charge fragment of 56.9 
as well, which could represent of the same ketone fragment CH2COCH3. For the identifiable 
compounds, it cannot completely be said where the distinctive fragments are located within the 
carbon chain. Overall, ketones, alcohols, and alkanes were found for this extract. 
A GC/MS run was done on the young October oak sample. Table 10 summarizes the 
GC/MS data for the young October oak extract and the peaks possible identities as well as 
molecular masses, possible chain lengths, and ifthere are any distinctive fragments. 
Table 10: GC/MS data for young October oak extract sample 1. 
Retention Time lx Chain Possible ~ Distinctive Possible 
Unknown (min) Length Molecular Fragment Identity 
I Mass I 
12.38 1478 14-15 228 HzO ~fi3(CJI2)14()JI 
(alcohol} 
12.75 1508 15-16 242 H2<> CJI3(CJI2)1s<>fl 
(alcohol)" 
14.95 1694 15-16 254 CJI()CH3 CIIJ(C~)15COH 
(aldehyde} 
15.02 1700 17-18 256 H20 CH3(CH2)160H 
(alcohol) 
22.50 2494 24-25 410 Cf~JC~ ~OC()(CH2h4Cii3 
testerl 
23.27 2591 25-26 424 CH3C02 CH30CO(CH2)2sCH3 
I (ester) 
For this extract, six peaks that could possibly give good data for their compound were 
chosen for analysis. More than six peaks were present but these were the few whose mass specs 
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were not too noisy for analysis. Comparison of the GC/MS data to the prominent peaks that were 
present in the GC/FID data for this sample shows that none of the same peaks were analyzed 
with the two separate techniques. The peaks that were chosen for GCIMS analysis were most 
likely present in the GC/FID spectrum, but they were not as prominent as the others chosen for 
GC/FID analysis. For the GC/MS analysis, the compound that eluted at 12.38 minutes had a 
chain length.of 14 to 15 carbons and the NIST library identified it as either 1-hexadecanol or 1-
pentadecanol. The mass spectrum gave a m/z fragment of 18, which is representative of water 
and was the characteristic fragment of the alcohol standards that were analyzed. This agrees with 
the NIST search and this molecule could very likely be pentadecanol or tetradecanol. Odds are it 
is not hexadecanol due to its retention index of 1478. TI;le compound that eluted at 12.75 minutes 
was not identified by the NIST library but the mass spectrum also showed a water fragment with 
a mass of 17.8. This compound may very likely be an alcohol with 15 to 16 carbons in length, 
but there must be at least a carbon difference in this compound than the compound that eluted at 
12.38 minutes due to the different retention times. Another possibility is that the hydroxyl 
substituent is in a different position on the chain which may cause small differences in the 
retention times and indices. For the compound that eluted at 14.95 minutes, the NIST library 
identified this compound to also be 1-hexadecanol, but the mass spectrum of this compound did 
not give a water fragment. The distinctive fragment for this compound had a mass to charge 
ration of 43.9, which could be representative of an aldehyde with the formula CH3COH. This 
aldehyde would have 16 to 17 carbons in its chain. This retention index was also seen in the May 
extract but the peak was identified to be an alcohol rather than an aldehyde. The compound that 
eluted at 15.02 minutes had a retention index of 1700 and the NIST library identified it as 1-
heptadecanol, 9-heptadecanol, or 1-octadecanol. Its mass spectrum included a fragment with a 
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mass to charge ratio of 18.5, representative of water, which agrees with the NIST search. This 
compound is most likely an alcohol with a 17 carbon chain. This was also seen in the May 
extract. The compound that eluted at 22.50 minutes and 23.27 minutes had retention indices of 
2494 and 259I, resp~ctively. The NIST library could not find a logical match for either 
compound, but both mass spectra included a fragment that could be representative of an ester 
fragment. The compo~d·that eluted at 22.50 minutes h8d a fritgment with a mass to charge ratio 
of 58.7, representative of an ester fragment with a mass of 58 (C02CH3) . The other compound 
that eluted at 23.27 minutes had a mass to charge ratio fragment of 57.3, which could also be 
representative of the same ester fragment. Overall, the young October oak sample included wax 
constituents believed to be alcohols and esters. 
Table II summarizes the GC/MS data for the January oak extract and the peaks possible 
identities as well as molecular masses, possible chain lengths, and if there are any distinctive 
fragments. 
Table 11: GC/MS data for January oak extract sample 1. 
Retention Time Ix Chain Possible Distinctive Possible 
Unknown (min) Length Molecular Fragment Identity 
Mass 
14.07 1612 16-17 226 CH20CCH3 CHJ(Clh)l_.coc~ 
(ketone) 
16.37 1821 I8-19 I 282 CH2CO(CH2)2 CH3(CH2)15COCH2CH3 
(ketone) 
16.64 1847 18-19 282 c~occ~ CHa(CHz)t6COCH3 
I rketone) I 
16.83 1867 I 18-19 256 H20 CH3(CH2)160H 
(alcohol) 
25.27 2866 28-29 4J8 C~C(h CHJOCO(CIIV26CirJ 
(ester) 
Comparing the data in Table 11 with that of the GC/FID data for the January oak data in 
Table 5 shows that many peaks are not present in the GC/MS spectra. This could be due to 
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contamination of the column, too much noise, a low concentration of particular components, or 
the fact that the columns had different stationary phases that could make one less sensitive than 
the other. To make the GC/MS more sensitive, lower split ratios could be used as well as 
reducing the acquired mass range. In the spectra, the peaks that were present were very small, 
with the exception of the peak at 25.27 minutes. This large peak was also present in the OC/FID 
data and made up approximately 20 percent of the total peak area. We cannot say for sure that 
these large peaks come from the same compound since the columns of the GCIFID and GC/MS 
differ, but the odds are very high. A NIST library search of these peaks gave only possible 
matches for the large peak that eluted at 25.27 minutes. The possible matches were 
hentriacontane, which is an alkane chain of 31 carbons, 1-heptacosanol, 1-octacosanol, and 1-
triacontanol. Unfortunately, for the mass spectrum data of this peak, a water fragment was not 
observed as would be expected for an alcohol from the data that was gathered with the alcohol 
standards. The mass spectrum of this peak was noisy, as were the rest, but a fragment of 59.9 mlz 
was observed, which could be representative of an ester fragment (CH3C02). The other peaks, 
which did not have a match from the NIST library, also gave possible compounds from their 
GC/MS data. The compound that eluted at 16.83 minutes has a retention index of 1866.8 and a 
mlz fragment of 18.1, which could very likely represent H20.~ indicating that this compound may 
be an alcohol that has 18 to 19 carbons in its chain. The compounds that eluted at 16.64 and 
16.37 minutes have retention indices of 1847 ~d 1821, respectively. The peak at 16.64 minutes 
has a m/z fragment of 57 in its mass spectrum. The mass of 57 could be representative of a 
ketone fragment (CH20CCHJ), which is consistent with the findings from the chemical 
standards. This ketone would have a chain length of 18 to 19 carbons. This is also true for the 
compound that eluted at 16.3 7 minutes, except it had a m/z fragment of 70, which could be 
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representative of the ketone fragment CH2CO(CH2)2. The carbon that the oxygen is actually 
bonded to in these compounds is difficult to determine. Finally, the peak that eluted at 14.07 
minutes has a retention index of 1612 and a m/z fragment of 56.4, which could also be 
representative of a ketone with the structure CH2COCH3. 
Conclusion: 
The analysis of the chemical standards was very helpful in determining the possible 
constituents of the GC/MS data for the wax extracts. The ketone standards showed fragments of 
CH3COCH3 and CH20, the aldehyde standards showed fragD+ents of CH3CHO, the methyl esters 
showed fragments of CH30, and the alcohols produced H20 fragments. 
For the May oak extract sample, it has been determined that the wax constituents have 
chain lengths that range from 11 to 3 5 carbons in length and its wax extract contained long 
chained alcohols and alkanes. The old October oak extract sample had wax constituents that had 
22 to 35 carbons in their chains and the mass spec data for this sample showed that ketones, 
alcohols, and alkanes were present. The young October oak extract sample contained wax 
components that were 29 to 3 7 carbons in length and its GC/MS data showed that alcohols, 
aldehydes, and esters were present. The January oak extract sample contained much smaller 
carbon chains, ranging from 9 to 30 carbons in length, the majority of which contained 17 
carbons or less. The mass spec data for the January oak sample showed that ketones and alcohols 
were present in the sample. The wax extracts from the summer and fall have many possible 
constituents in common as seen by the GC/FID data. The GC/MS data conflnned this when 
comparing the young October oak sample and the May oak sample. Also, the young October oak 
extract and old October oak. extract had many GC/FID retention indices in common, which tells 
us that the waxes for the younger leaves or new growth are not different from the waxes of the 
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older leaves. To further summarize the results, Table 12 below gives the chain lengths for each 
constituent found for each sample. 
Table 12: Constituents and corresponding chain lengths for each oak sample. 
Extract Alkanes Ketones Aldehydes Alcohols Esters Prominent Chain 
Sample Length Range 
May(Y) C14 
- -
CIS, Cl6, 
-
Cll - C35 
Cl7, C23 
October C29 C16, C17, C25 
-
C22-C35 
I -(0) ! C27 
October 
-
-
C17 CIS, C15, C25, C29-C37 
(Y) C17 C26 
January C16, C18, 
-
C19 C29 C9-C30 
-(0) Cl9 I I 
Although possible constituents for the waxes have been determined, it is not fully 
conclusive that the peaks seen for the OC/MS data of all of the samples are in fact what is 
proposed since many of the mass spectra are noisy, which caused difficulty in analyzing the data. 
Future work for this project may include running the samples again in the OC/MS with a greater 
injection volume to obtain more peaks and derivatizing the fatty acid chemical standards as well 
as the fatty acid components of the wax extracts to gather more information about the 
components which make up the waxes of canyon live oak. It would also be helpful to extract 
more leaves per sample so that a higher concentration of each component is in the extracts. 
Future work could also include separating the different functional groups and analyzing the 
percentage of fatty acids, alcohols, etc. in the wax extracts to see how they differ between season 
or age. Furthennore, it would be interesting to gather oak samples from different settings and 
analyze how pollution may affect the waxes of the leaves. 
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Appendix A: Chromatograms of October and January Extracts 
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